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<si)  Magnesium  containing  solid  catalyst  carrier,  a  catalyst  and  its  use  in  polymerization  of  olefins. 

A  magnesium-containing  solid,  obtained  by  contacting 
the  reaction  product  of 

(A)  metallic  magnesium; 
(B)  a  halogenated  hydrocarbon  of  the  general  formula 

RX  in  which  R  stands  for  an  alkyl,  aryl  or  cycloalkyl  group 
having  1  to  20  carbon  atoms,  and  X  stands  for  a  halogen 
atom;  and 

(C)  an  alkoxy  compound  of  the  general  formula 
XmC(OR)4  m in  which  X'  stands  for  a  hydrogen  or  halogen 
atom,  or  an  alkyl,  aryl  or  cycloalkyl  group  having  1  to  10 
carbon  atoms.  R  stands  for  an  aikyl,  aryl  or  cycloalkyl  group 
having  1  to  20  caroon  atoms  and  m  is  0,  1  or  2; 

with  an  electron  donative  compound  and  hydrogen 
halide  is  employed  as  a  support  material  for  catalyst 
components  derived  from  transition  metals.  The  supported 
transition  metal  in  combination  with  an  orqanoalummum 
co-catalvst  is  empioyed  as  an  olefin  polymerization  catalyst. 



This  invention  r e l a t e s   to  a  novel  m a g n e s i u m - c o n t a i n i n g   solid  w h i c h  

is  useful  as  a  ca r r ie r   for  various  kinds  of  c a t a ly s t s ,   pa r t i cu la r ly   a 

catalyst   for  p o l y m e r i z a t i o n   of  ethylene  and  a lpha -o le f ins   ( h e r e i n a f t e r  

referred  to  simply  as  the  olefins).  More  p a r t i c u l a r l y ,   it  is  c o n c e r n e d  

with  a  novel  m a g n e s i u m - c o n t a i n i n g   solid  which  is  useful  as  a  carr ier   f o r  

the  Ziegler  ca t a lys t   for  po lymer iza t ion   of  olefins,   and  a  component   o f  

an  olefin  p o l y m e r i z a t i o n   ca t a lys t   comprising  such  a  solid,  pa r t i cu la r ly   in 

the  form  of  uniform  p a r t i c l e s .  

Various  kinds  of  s u b s t a n c e s   have  h i ther to   been  proposed  for  use  a s  

the  carrier  for  a  Ziegler   ca ta lys t   for  p o l y m e r i z a t i o n   of  olefins.  A  s o l i d  

containing  magnes ium  is  useful  as  a  ca ta lys t   for  p o l y m e r i z a t i o n   o f  

olefins,  and  p a r t i c u l a r l y   as  a  carrier  for  any  such  ca ta lys t .   Various 

methods  have  been  proposed  for  obtaining  uniform  par t ic les   of  a  sol id  

containing  m a g n e s i u m .  

For  example ,   it  has  been  proposed  to  obtain  spher ical   par t ic les   b y  

spraying  an  aqueous  solut ion  of  magnesium  chlor ide ,   or  molten  M g C l 2 - 6 H 2 0  

as  disclosed  in  U.S.  P a t e n t   Nos.  3,953,414,  4,111,835  and  British  P a t e n t  

No.  2,006,227,  or  obtain  appropr ia te   par t ic les   by  c lass i fying  par t ic les   o f  

magnesium  chloride  powder   as  disclosed  in  J a p a n e s e   P a t e n t   A p p l i c a t i o n  

Laid-Open  No.  1 2 7 1 8 5 / 7 6 .  

For  m a n u f a c t u r i n g   a  solid  containing  magnes ium,   it  has,  for  e x a m p l e ,  

been  proposed  to  c o n t a c t   metal l ic   magnesium,  a  ha logena ted   h y d r o c a r b o n  

and  an  e lec t ron   dona t ive   compound  such  as  alcohol  as  disclosed  in 

Japanese  Pa t en t   App l i ca t ion   Laid-Open  No.  64586/76,   or  react   a n  

organic  meta l   compound  with  an  orthosil icic  es ter ,   or  r e a c t   m e t a l l i c  

magnesium,  an  o r thos i l i c i c   ester  and  an  organic  halide  with  one  a n o t h e r  

as  disclosed  in  U.S.  P a t e n t   No.  4,220,554.  

None  of  these  methods   has,  however,  been  found  useful  for  t h e  

manufac ture   of  a  ca r r i e r   for  a  catalyst   which  is  fully  s a t i s f a c t o r y   in  a l l  

aspects  of  pa r t i c le   p rope r t i e s ,   catalyt ic   ac t iv i ty   and  s t e r e o r e g u l a r i t y .  

The  inventors   of  this  invention  have  a c c o m p l i s h e d   this  i n v e n t i o n  

as  a  result  of  their  ene rge t i c   research  ef for ts   to  obtain  a  carr ier   w h i c h  

is  composed  of  uniform  par t ic les   having  a  large  sur face   area,  and  w h i c h  

provides  a  polymer  having  high  degrees  of  ac t iv i ty   and  s t e r e o r e g u l a r i t y  

for  a  ca t a lys t   for  po lymer i za t ion   of  o le f ins .  

Accord ing   to  a  first  aspect  of  this  invention,   there  is  p rov ided  

a  m a g n e s i u m - c o n t a i n i n g   solid  obtained  by  c o n t a c t i n g ( 1 )  t h e   r e a c t i o n   p r o d u c t  



(A)  metal l ic   m a g n e s i u m ;  

(B)  a  ha logena ted   hydrocarbon  of  the  general   formula  RX 

in  which  R  stands  for  an  alkyl,  aryl  or  cycloalkyl   group  having  from  1 

to  20  carbon  atoms,  and  X  s tands  for  a  halogen  atom;  and  

(C)  an  alkoxy  compound   of  the  genera l   f o r m u l a  

X ' m C ( O R ' ) 4 - m   in  which  X'  s tands  for  a  hvdrogen  or  halogen  a t o m ,  

or  an  o p t i o n a l l y   s u b s t i t u t e d   a l k y l ,   a ry l   or  c y c l o a l k y l   group  h a v i n g  

from  1  to  10  carbon  atoms,  R'  s tands   for   an  a l k y l ,   a ry l   or  c y c l o a l k y l  

group  hav ing   from  1  to  20  carbon  atoms,  and  m  is  0,  1  or  2,  with  ( 2 )  

an  e l e c t r o n   dona t ive   compound  and  hydrogen  h a l i d e .  

It  is  p r e f e r a b l e   to  use  meta l l ic   magnes ium  in  the  form  of  a  

powder  or  chips,  though  any  other   form  may  be  used.  Before  it  is  

used,  it  is  des i rab le   to  wash  metal l ic   magnes ium  with  an  i n e r t  

hydrocarbon,   such  as  a  s a t u r a t e d   a l iphat ic ,   a l icycl ic   or  a r o m a t i c  

hydrocarbon  having  6  to  8  carbon  atoms,  and  dry  it  under  heat  in  t h e  

p r e s e n c e   of  an  inert  gas,  such  as  n i t r o g e n .  
The  h a l o g e n a t e d   h y d r o c a r b o n   is  p r e f e r a b l y   a  c h l o r i n a t e d   or  b rom-  

i n e t e d   hydroca rbon   which  c o n t a i n s   an  a l k y l ,   a ry l   or  c y c l o a l k y l   g r o u p  
having  1  to  8  carbon  atoms.  S p e c i f i c   examples  t h e r e o f   inc lude   m e t h y l ,  
e thy l ,   i s o p r o p y l ,   n - b u t y l ,   n - o c t y l   or  c y c l o h e x y l   c h l o r i d e   or  b r o m i d e ,  
c h l o r o b e n z e n e ,   and  0 - c h l o r o t o l u e n e .   n -Bu ty l   c h l o r i d e   is  p a r t i c u l a r l y  

p r e f e r r e d .  

E x a m p l e s   of  the  alkoxy  compounds  of  the  general   f o r m u l a  
X ' m C ( O R ' ) 4 - m   are  listed  below  when  m  is  0,  1  and  2,  r e s p e c t i v e l y :  

(1)  O r t h o c a r b o n i c   acid  esters   of  the  general   formula  C ( O R ' ) 4 .  
More  spec i f ica l ly ,   they  include  methyl  o r t h o c a r b o n a t e   C(OCH3)4 ,  

ethyl  o r t h o c a r b o n a t e   C(OC2H5)4 ,   propyl  o r t h o c a r b o n a t e   C ( b C 3 H 7 ) 4 ,  
butyl  o r t h o c a r b o n a t e   C(OC4H9)4 ,   isobutyl  o r t h o c a r b o n a t e   C ( O - i - C 4 H g ) 4 ,  
hexyl  o r t h o c a r b o n a t e   C(OC6H13)4 ,   and  octyl  o r t h o c a r b o n a t e  
C ( O C g H 1 7 ) 4 .  

(2)  O r t h o e s t e r s   of  the  general   formula   X'C(OR')3  and  t h e i r  
de r i va t i ve s .   Specific  e x a m p l e s   thereof ,   when  X'  stands  for  a 
hydrogen  a tom,   include  methyl   o r t h o f o r m a t e   HC(OCH3)3,   e thy l  
o r t h o f o r m a t e   HC(OC2H5)3,   propyl  o r t h o f o r m a t e   HC(OC3H7)3,   b u t y l  
o r t h o f o r m a t e   HC(OC4Hg)3,   isobutyl   o r t h o f o r m a t e   H C ( O - i - C 4 H 9 ) 3 ,  
hexyl  o r t h o f o r m a t e   HC(OC6H13)3 ,   octyl  o r t h o f o r m a t e   H C ( O C 8 H 1 7 ) 3 ,  
and  phenyl  o r t h o f o r m a t e   HC(OC6H5)3.   Examples   of  c o m p o u n d s  
when  X'  s tands   for  an  alkyl,  aryl  or  cycloalkyl   group,  are  m e t h y l  



o r t h o a c e t a t e   CH3C(OCH3)3,   ethyl  o r t h o a c e t a t e   CH3C(OC2H5)3 ,  

methyl   o r t h o p r o p i o n a t e   CH3CH2C(OCH3)3 ,   ethyl  o r t h o p r o p i o n a t e  

C H 3 C H 2 C ( O C 2 H 5 ) 3 ,   and  compounds  r ep re sen t ed   by  the  f o r m u l a s  

C6H11C(OC2H5)3 ,   C6H5C(OC2H5)3,   C6H5C(OCH3)3,   C6H5C(OC3H7)3 ,  

C7H8C(OC2H5)3   and  CgH11C(OC2H5)3.   Examples   of  compounds  in 

which  X'  stands  for  an  alkyl,  aryl  or  cycloalkyl   group  having  a 

hydrogen  atom  replaced   by  a  halogen  atom,  include  e thy l  

o r t h o b r o m o a c e t a t e   CH2BrC(OC2H5)3,   ethyl  o r t h o c h l o r o a c e t a t e  

CH2ClC(OC2H5)3 ,   ethyl  ortho  a l p h a - b r o m o p r o p i o n a t e   CH3CHBrC(OC2H5)3  

and  ethyl  ortno  a l pha -ch lo rop rop iona t e   CH3CHClC((OC2H5)3.  If  X '  

s tands  for  a  halogen  atom,  examples  of  the  compounds  include 

m e t h y l   o r t h o c h l o r o f o r m a t e   ClC(OCH3)3,  ethyl  o r t h o c h l o r o f o r m a t e  

ClC(OC2H5)3,   propyl  o r t h o c h l o r o f o r m a t e   ClC(OC3H7)3,   isobutyl  

o r t h o c h l o r o f o r m a t e   C1C(O-i-C4H9)3,  octyl  o r t h o c h l o r o f o r m a t e  

ClC(OC8H17)3 ,   phenyl  o r t h o c h l o r o f o r m a t e   ClC(OC6HS)3,   and  e t h y l  

o r t h o b r o m o f o r m a t e   BrC(OC2H5)3 .  

(3)  Aceta ls   of  the  general  formula  X'2C(OR')2  and  the i r  

de r iva t ives .   More  specif ical ly ,   they  include  e thyl idene  d i m e t h y l  

ether   CH3CH(OCH3)2,   e thyl idene  diethyl  ether  CH3CH(OC2H5)2 ,  

methyla l   CH2(OCH3)2,   methylene  diethyl  ether  CH2(OC2H5)2 ,  

m o n o c h l o r o a c e t a l   CH2ClCH(OC2H5)2,   d i ch lo roace t a l   CHCl2CH(OC2H5)2 ,  

t r i c h l o r o a c e t a l   CCl3CH(OC2H5)2,   m o n o b r o m o a c e t a l   CH2BrCH(OC2H5)2 ,  

m o n o i o d o a c e t a l   CH2ICH(OC2H5)2,   and  benza ldehyde   diethyl  a c e t a l  

C 6 H 5 C H ( O C 2 H 5 ) 2 .  

It  is  p re fe rab le   to  use  or thoformic   esters,   par t icu la r ly   alkyl  e s t e r s  

having  1  to  8  carbon  atoms,  such  as  methyl  o r t h o f o r m a t e ,   ethyl  o r t h o f o r m a t e  

and  butyl  o r t h o f o r m a t e .   Methyl  or  e thy l   o r t h o f o r m a t e   is  p a r t i c u l a r l y   p r e f e r r e d .  

The  m a g n e s i u m - c o n t a i n i n g   solid  can  be  obtained  by  contact ing  an 
alkoxy  compound,   metall ic  magnesium  and  a  ha logena ted   hydroca rbon  
with  one  another .   Any  method  may  be  used  for  con tac t ing   them 
without  l imi ta t ion   in  par t icular .   It  is,  for  example,   possible  to  adop t  
any  of  the  following  m e t h o d s :  

(1)  C o n t a c t i n g   them  with  one  another   s imul t aneous ly ;  
(2)  Contac t ing   metallic  magnesium  and  a  ha logena t ed  

hydrocarbon  with  each  other,  and  then,  c o n t a c t i n g   them  with  an 
alkoxy  compound,  or  contact ing  with  an  alkoxy  compound  a 
compound  obtained  by  contac t ing   metal l ic   magnesium  and  a 



ha logena t ed   hydrocarbon,   for  example,   any  compound  known  as  a 

Gr ignard   reagent ,   including  ClMgCH3,  ClMgC2H5,  ClMgC3H7,  

ClMgC4Hg,   ClMgi-C4Hg,  ClMgC6H13,   ClMgC8H17,  BrMgC2H5,  

BrMgC4Hg,  BrMgi-C4Hg,  IMgC4Hg,  ClMgC6H5  and  BrMgC6H5;  

(3)  Adding  a  solution  of  a  halogenated  hydrocarbon  into  a  

solution  of  an  alkoxy  compound  in  which  metal l ic   magnesium  is  

suspended;   o r  

(4)  Contac t ing   an  alkoxy  compound  with  a  h a l o g e n a t e d  

hydrocarbon,   and  then  adding  metal l ic   magnesium.  The  m e t h o d  

as  set  forth  in  (3)  is,  among  others,   p r e f e r r e d .  

It  is  desirable   to  employ  an  alkoxy  compound  and  m e t a l l i c  

magnesium  in  such  a  proport ion  that   the  alkoxy  compound  may  c o n t a i n  

at  least  one,  and  preferably   3  to  5,  OR'  groups  per  magnesium  atom  in 

the  me ta l l i c   magnesium.  In  other  words,  it  is  desirable  to  employ  a t  

least  0.5  mol,  and  preferably   1.5  to  2.5  mols,  of  an  alkoxy  c o m p o u n d ,  

if  it  is  a  compound  of  the  formula   X'2C(OR')2,   or  at  least  1/3  mol ,  

and  p re fe rab ly   1  to  5/3  mols,  of  an  alkoxy  compound  if  it  is  a 

compound  of  the  formula  X 'C(OR')3 ,   per  gram  atom  of  magnesium.  I t  

is  desi rable   to  use  1  to  2  mols  of  a  ha logenated   hydrocarbon  per  g r a m  

atom  of  m a g n e s i u m .  

The  con tac t ing   reac t ion   may  be  carr ied  out  under  stirring  a t  

a  t e m p e r a t u r e   of  40°C  to  250°C,  p referab ly   60°C  to  120°C,  in  o n e  

to  10  hours.  The  react ion  can  be  caused  to  take  place  in  the  p r e s e n c e  
of  an  inert   hydrocarbon  used  for  drying  magnesium,  for  instance,   a n  

al iphat ic ,   al icyclic  or  a romat i c   hydrocarbon  having  6  to  8  carbon  a t o m s .  

It  is,  however,   not  desirable  to  use  any  oxygen-conta in ing   compound ,  

such  as  e ther   or  a lcohol .  

In  order  to  promote  the  reac t ion ,   it  is  possible  to  use  iodine,  o r  
an  inorganic  halide  such  as  alkyl  iodide,  calcium  chloride,  c o p p e r  
chloride,  manganese   chloride,   or  a  hydrogen  hal ide.  

The  solid  obtained  as  the  reac t ion   product  is  separa ted   from  t h e  
react ion  sys tem,   and  washed  with  an  inert  hydrocarbon  if  required,  and  
dried  if  required,   to  yield  a  magnes ium-con ta in ing   solid  according  to  
this  i n v e n t i o n .  

The  m a g n e s i u m - c o n t a i n i n g   solid  thus  obtained  is  composed  o f  

highly  uniform  par t ic les   t y p i c a l l y   having  a  s p e c i f i c   s u r f a c e   area  o f  
at  l e a s t   200  m2/g  when  d e t e r m i n e d   by  the  BET  method;  and  a  p o r e  
volume  of  a t  



least  0.15  cc/g.  The  solid  may  c o n t a i n  5   to  25%  by_weight  of  magnesium 

atoms,  and  3  to  70%  by  weight  of  halogen  atoms,  while  the  balance  is,  
for  example,   an  organic  compound.  

The  magnes ium-con ta in ing   solid  is  t h e r e a f t e r   contacted   with  an  

electron  donative  compound  and  t rea ted   with  a  hydrogen  halide  to  y ie ld  

a  magnes ium-con ta in ing   solid  which  exhibits  excellent   properties  when  

used  as  a  carr ier   for  an  olefin  po lymer iza t ion   c a t a l y s t .  

As  e lec t ron   donative  compounds,  it  is  possible  to  use  a  c a rboxy l i c  

acid,  a  der iva t ive   thereof,   an  alcohol,  an  ether,  a  ketone,  an  amine,  a n  

amide,  a  nitrile,  an  aldehyde,  an  alcoholate,  an  organo compound  o f  phosphorus ,  
arsenic  or  an t imony(bonded   to  an  organic  group  by  carbon  or  oxygen),  a  

phosphamide.,  a  t h ioe the r ,   a  thioester ,   or  a  carbonic  acid  ester.  It  is 

p re ferab le   to  use  a  carboxylic  acid,  or  a  der ivat ive   t h e r e o f .  

I t   is  general ly  suitable  to  use  a  sa tu ra ted   or  unsaturated  a l i pha t i c ,  

alicyclic  or  a romat ic   carboxylic  acid  having  1  to  15  carbon  atoms,  or  a  
der ivat ive  t h e r e o f .  

Examples   of  suitable  carboxylic  acids  include  sa tura ted   a l ipha t ic  

carboxylic  acids  such  as  formic  acid,  acetic  acid,  propionic  acid,  b u t y r i c  

acid,  i sobutyr ic   acid,  valeric  acid,  isovaleric  acid,  t r imethy lace t ic   ac id ,  

cap ro ic  ac id ,   capric  acid  and  ta r ta r ic   acid,  unsa tura ted   aliphatic  a c id s  

such  as  acrylic  acid,  methacryl ic   acid,  pentenoic  acid,  hexenoic  ac id ,  

me thy lpen teno ic   acid,  e thylcrotonic   acid  and  heptenoic  acid,  a l icycl ic  

carboxylic  acids  such  as  cyc lohexanecarboxyl ic   acid,  c i s - 4 - m e t h y l c y c l o h e x a n e -  

carboxylic  acid,  cyc lohexenecarboxy l ic   acids,  c i s - 1 , 2 - c y c l o h e x a n e d i c a r b o x y l i c  

acid,  cyc lohexene -1 ,2 -d i ca rboxy l i c   acids  and  c y c l o h e x e n e - 1 , 4 - d i c a r b o x y l i c  

acids,  a romat i c   monocarboxyl ic   acids  such  as  benzoic  acid,  p-toluic  ac id ,  
p -e thy lbenzo ic   acid  and  p -methoxybenzoic   acid,  and  aromatic  d i ca rboxy l i c  
acids  such  as  phthalic  acid .  

Examples   of  suitable  derivat ives  include  the  acid  anhydrides,  ac id  

halides,  es ters   and  amides  of  the  carboxylic  acids  as  hereinabove  l i s t ed .  

More  spec i f ica l ly ,   they  include  acid  anhydrides,  acid  chlorides,  acid 

bromides,  acid  iodides,  sa tura ted   or  unsa tura ted   alcohol  estesr,  such  as  

methyl,  ethyl,  butyl  or  allyl  esters,  and  acid  amides,  of  those  ca rboxy l i c  

ac ids .  

It  is  pa r t i cu la r ly   preferable   to  use  aromat ic   carboxylic  acids, 

especially  benzoic  acid,  p-toluic  acid  or  p -methoxybenzoic   acid,  or  t h e i r  

der ivat ives ,   such  as  acid  anhydrides,  acid  halides  or  es te rs .  



Any  cus tomary   method  may  be  employed  for  c o n t a c t i n g   a  m a g n e s i u m -  

containing  solid  with  a  carboxyl ic   acid  or  a  der ivat ive   thereof,   but  it  is 

par t icu la r ly   appropr ia te   to  mix  the  m a g n e s i u m - c o n t a i n i n g   solid  or  a 

suspension  thereof   in  an  inert  solvent  of  the  type  here inbefore   l i s ted  

with  a  carboxyl ic   acid  or  a  der ivat ive  thereof ,   or  a  solution  or  suspens ion  

thereof  in  any  such  inert  solvent.  The  contac t   r eac t ion   may  be  c a r r i e d  

out  at  a  t e m p e r a t u r e   of  -lOoC  to  200°C,  preferably   20°C  to  100°C  f o r  

10  minutes  to  20  hours,  p re fe rab ly   for  0.5  to  10  hours.  It  is  de s i r ab l e  

to  employ  0.01  to  20  mols,  par t icular ly   0.1  to  5  mols  of  a  ca rboxy l i c  

acid  or  a  de r iva t ive   the reof   per  gram  atom  of  magnesium  in  the  solid.  

After   the  magnes ium-con t a in ing   solid  has  been  r eac ted   with  t he  

electron  donat ive   compound  it  is  con tac ted   with  a  halogen  halide  e i t h e r  

in  the  reac t ion   system  in  which  the  e lect ron  donative  t r ea ted   m a g n e s i u m -  

containing  solid  was  prepared  or  the  solid  is  separa ted   from  the  r e a c t i o n  

system,  washed,  if  required,   with  an  inert  solvent  of  the  type  h e r e i n b e f o r e  

listed,  and  dried  if  r e q u i r e d .  

The  hydrogen  halides  are  HCl,  HBr  and  HI,  preferably   HCL  The  

e l e c t r o n - d o n a t i v e   t rea ted   magnes ium-con ta in ing   solid  is  contac ted   w i th  

the  hydrogen  halide,  such  as  hydrogen  chloride  p re fe rab ly   in  the  ga seous  
form.  The  solid  can  be  con tac ted   with  hydrogen  chloride  if  hydrogen  

chloride  gas  is  blown  into  a  suspension  of  the  solid  in  an  i n e r t  

hydrocarbon  such  as  hexane,  heptane,   cyclohexane,   benzene  or  to luene ,  

and/or  a  ha logena ted   hydrocarbon  such  as  carbon  t e t r ach lo r ide   or  1 ,2 -  

d ich lo roe thane ,   while  it  is  being  stirred,  after   the  solid  has  been  

separa ted   from  the  carboxyl ic   acid  or  der ivat ive   thereof ,   and  washed.  

Al te rna t ive ly ,   it  is  possible  to  blow  hydrogen  chloride  gas  directly  in to  

a  suspension  of  the  carboxylic   acid  or  der ivat ive   the reof   in  which  t he  

solid  is  suspended,   while  the  suspension  is  being  s t i r r e d .  

It  is  sui table  to  employ  0.1  to  10  mols  of  hydrogen  chloride  p e r  

gram  atom  of  magnesium  in  the  solid.  The  contac t   of  the  solid  w i t h  

hydrogen  chloride  is  p re fe rab ly   carried  out  at  a  t e m p e r a t u r e   of  - 1 5 ° C  

to  25°C,  pa r t i cu la r ly   -5°C  to  5°C,  for  0.5  to  10  hours,  par t icular ly  f o r  

one  to  three  hours .  

Af ter   hydrogen  chloride  has  been  blown,  it  is  desirable   to  r a i se  

the  con tac t   t e m p e r a t u r e   to  -from  30 C  to  1 0 0 ° 0 C .  

and  heat  the  suspension  for  0.5  to  10  hours  in  an  inert  gas  a t m o s p h e r e  
for  removing  hydrogen  chloride.   Although  it  is  s a t i s f ac to ry   to  c o n d u c t  



the  heating  in  the  presence  of  an  inert  gas,  it  is  also  possible  to  b low 

an  inert  gas,  such  as  nitrogen,  forc ib ly .  

The  m a g n e s i u m - c o n t a i n i n g   solid  thus  t rea ted   with  hydrogen  ch lo r ide  

is  s e p a r a t e d  f r o m   the  react ion  system,  and  washed,  if  required,  with  an 

inert  solvent   of  the  type  here inbefore   listed,  and  dried  if  required,  t o  

provide  a  m a g n e s i u m - c o n t a i n i n g   solid  according  to  this  invent ion .  

According   to  a  second  aspect   of  this  invention,  there  is  p rov ided  

a  cata lyst   for  po lymer i za t ion   of  olefins  comprising  a  t i tanium  c o m p o u n d  

supported  on  a  m a g n e s i u m - c o n t a i n i n g   solid  obtained  by  contac t ing   t h e  

reaction  product   of  (1): 

(A)  meta l l ic   m a g n e s i u m ;  

(B)  a  ha logenated   hydrocarbon  of  the  general   formula  R X  

in  which  R  stands  for  an  alkyl,  aryl  or  cycloalkyl  group  having  f r o m  

1 to   20  carbon  atoms,  and  X  stands  for  a  halogen  atom;  and 

(C)  an  alkoxy  compound  of  the  general  formula  X ' m C ( O R ' ) 4 - m  

in  which  X'  stands  for  a  hydrogen  or  halogen  atom,  or  a n  o p t i o n a l l y  
s u b s t i t u t e d   a l k y ,   a r y l   or  c y c l o a l k y l   group  having  from  1  to   10 

carbon  atoms,  R'  s tands   fo r   an  a lky l ,   aryl   o r  c y c l o a l k y l   g roup  
h a v i n g   from  1 to  20  carbon  atoms  and  m  is  0,  1  or  2 ;  

with  (2)  an  electron  donative  compound  and  hydrogen  ha l ide .  

In  other   words,  there  is  provided  a  catalyst   for  p o l y m e r i z a t i o n  

of  olefins  compris ing   a  t i tanium  compound  supported  on  a  m a g n e s i u m -  

containing  solid  obtained  according  to  the  first  aspect  of  this  i nven t ion .  

Any  t i tanium  compound  usually  used  for  forming  a  catalyst   f o r  

po lymer iza t ion   of  olefins  may  be  used  for  this  invention,  but  it  is 

preferable   to  employ  a  halide  of  t r ivalent   or  t e t r ava len t   t i tanium,  or  an  

organic  compound  of  t i tanium,  such  as  a  t i tanium  halide,  a l k o x y t i t a n i u m  
or  an  a lkoxy t i t an ium  halide.  More  specifically,   it  is  suitable  to  use ,  
for  example,   t i t an ium  t e t r ach lo r ide ,   t i tanium  t e t r a b r o m i d e ,  : t r i c h l o r o e t h o x y -  
titanium,  t r i c h l o r o b u t o x y t i t a n i u m ,   d i c h l o r o d i e t h o x y t i t a n i u m ,  d i c h l o r o d i p h e n o x y  
titanium,  c h l o r o t r i e t h o x y t i t a n i u m ,   c h l o r o t r i b u t o x y t i t a n i u m ,   t e t r a b u t o x y t i t a n i u n  
or  t i tanium  t r ichlor ide .   It  is  p re ferab le   to  use,  among  others,  t i t a n i u m  

te t rach lo r ide ,   t r i c h l o r o e t h o x y t i t a n i u m ,   d ich lorodibutoxyt i tan ium,   d i c h l o r o d i -  

phenoxyt i tan ium,   or  other  t e t r a v a l e n t   t i tanium  halides.  T i t an ium 

te t rachlor ide   is  the  most  p r e f e r a b l e .  

Although  any  customary  method  may  be  used  for  applying  a 
titanium  compound  to  a  magnes ium-con ta in ing   solid,  it  is  p a r t i c u l a r l y  



suitable  to  mix  the  solid  or  a  suspension  thereof   in  an  inert  solvent,  fo r  

example,   a  hydrocarbon  such  as  hexane,  heptane,   oc tane ,   cyc lohexane ,  

benzene,   to luene  or  xylene,  with  the  t i tanium  compound  or  a  solution  o r  

suspension  the reof   in  any  such  inert  solvent,  and  main ta in   them  in 

contac t   with  each  other  at  a  t e m p e r a t u r e   of  O°C  to  200°C  for  f ive 

minutes  to  10  hours,  and  p re fe rab ly   at  a  t e m p e r a t u r e   of  30°C  to  1 2 0 ° C  

for  20  minutes   to  five  hours .  

It  is  des i rable   to  employ  at  least   0.01,  and  p r e f e r ab ly   0.1  to  100,  

gram  a toms   of  any  such  t i tan ium  compound  per  gram  atom  of  magnes ium 

in  the  solid.  It  is  not  necessa ry   to  finish  appl ica t ion   of  the  t i t a n i u m  

compound  at  one  t ime,  but  it  is  all  right  to  repea t   it  twice  or  more  

t i m e s .  

The  m a g n e s i u m - c o n t a i n i n g   solid  on  which  the  t i tan ium  compound  

has  been  suppor ted   as  here inabove   described  is  s e p a r a t e d   from  the  

react ion  sys tem,   and  washed,  if  required,   with  an  inert  solvent   such  as  

hexane,  hep tane ,   octane,   cyc lohexane ,   benzene,   toluene,   xylene  or 

kerosene,   and  dried  if  required,   to  provide  a  ca ta lys t   accord ing   to  t h i s  

inven t ion .  

The  ca t a lys t   of  this  invention  toge ther   with  the  o r g a n o a l u m i n u m  

c o - c a t a l y s t   provides  an  olefin  po lymer iza t ion   ca ta lys t   of  high  a c t i v i t y .  

It  is  possible  to  use  any  organic  aluminum  compound  that  is 

usually  used  as  a  p romote r   for  a  Ziegler  ca ta lys t .   For  example,   it  is 

possible  to  use  any  organic  aluminum  compound  of  the  general   f o r m u l a  

R " n A l X 3 - n  i n  w h i c h  R "   r e p r e s e n t s .  a n   a l k y l   o r .  a ry l   group,   p r e f e r s b l y  

h a v i n g   from  1  to  18  carbon  atoms,  X"  r e p r e s e n t s   a  halogen  or  hydrogen  
atom  or  an  alkoxy  group  and  n  is  a  number  of  from  1  t o  3 .  

It  is.  however.   p re fe rab le   to  use  t r i a lky la luminum,   par t icular ly   t r i e t h y l -  
a luminum  or  t r i i sobu ty la luminum.   Tr ia lkya luminum  may  be  used  alone,  or  
with  any  other  organic  aluminum  compound,  such  as  d ie thyla luminum  chlor ide ,  
e thy la luminum  dichloride,   e thyla luminum  sesqu ich lo r ide ;   d i e t h y l a l u m i n u m  

ethoxide  and  d ie thy la luminum  hydride,  which  are  all  easily  available  in 

industry,  or  a  mixture  or  complex  compound  t h e r e o f .  

It  is  fur ther   possible  to  employ  an  e lect ron  donat ive   compound  in 

combina t ion   in  order  to  obtain  a  polymer  having  improved  s t e r e o r e g u l a r i t y .  

For  this  purpose,   it  is  s a t i s f ac to ry   to  use  any  of  the  e lec t ron   d o n a t i v e  

compounds  here inbefore   listed  for  use  in  the  m a n u f a c t u r e   of  the  

m a g n e s i u m c o n t a i n i n g   solid,  though  it  is,  of  course,  possible  to  employ  

any  other   compound.  I t   is,  however,   p re ferab le   to  use  an  alkyl  ester  o f  



an  a romat ic   carboxylic  acid,  p a r t i c u l a r l y   an  alkyl  ester   of  benzoic  ac id ,  

or  a  nuclear   subs t i tu t ion   product  of  benzoic  acid,  such  as  p - m e t h y l b e n z o i c  

acid  or  p - m e t h o x y b e n z o i c   acid,  having  1  to  8 -carbon  atoms.  The 

electron  donat ive   compound  may  be  incorpora ted   either  when  the 

organic  aluminum  compound  is  used  in  combinat ion   with  the  catalyst ,   o r  

after  it  has  been  con tac ted   with  the  organic  aluminum  compound.  

It  is  desi rable   to  employ  1  to  2,000,  and  p re fe rab ly   10  to  500, 

mols  of  any  such  organic  aluminum  compound  .per  gram  atom  of 

t i tanium  in  the  ca ta lys t   of  this  inven t ion .  

When  both  the  organic  aluminum  compound  and  the  electron  d o n a t i v e  

compound  are  employed,   it  is  possible  to  employ  0.1  to  50,  and  p r e f e r a b l y  

1  to  25,  gram  atoms  of  aluminum  in  the  organic  aluminum  compound 

per  mol  of  the  e lect ron  donative  compound .  

The  homopo lymer i za t ion   and  copo lymer iza t ion   of  olefins  may 

be  carried  out  in  the  same  way  when  the  ca ta lys t   of  this  invent ion  

is  used,  as  when  an  ordinary  Ziegler  ca ta lys t   is  used.  The  c a t a l y s t  

of  this  invention  is,  therefore ,   very  useful  for  the  h o m o p o l y m e r i z a t i o n  

of  olefins,  and  the  random  or  block  copo lymer iza t ion   of  different  o le f ins .  

More  speci f ica l ly ,   the  catalyst   of  this  invention  is  useful  for  po lymer iz ing  

ethylene,   and  a lpha-olef ins   such  as  propylene,  butene-1,   pen t ene -1 ,  

4 - m e t h y l - p e n t e n e - 1 ,   hexene-1  and  o c t e n e - 1 .  

The  react ion  for  polymer iza t ion   may  be  carried  out  either  in 

the  vapor  phase,  or  in  the  liquid  phase.  The  liquid  phase  p o l y m e r i z a t i o n  

may  be  carr ied  out  in  an  inert  hydrocarbon  such  as  normal  bu t ane ,  

isobutane,   normal  pentane,   isopentane,   hexane,  heptane,   octane,  c y c l o h e x a n e ,  

benzene,   toluene  or  xylene,  or  a  liquid  monomer.   The  t e m p e r a t u r e  

for  po lymer iza t ion   is  in  the  range  of  -80°C  to  150oC,  preferably  4 0 ° C  

to  120°C,  and  the  po lymer iza t ion   pressure  may,  for  example ,   be  i n  

the  r a n g e  o f   1  tb- 60  a t m .  I t   is  possible  t o  a d j u s t  t h e  m o l e c u l a r   w e i g h t  

of  the  polymer  to  be  obtained,  if  po lymer iza t ion   is  carried  out  in  the  

presence  of  hydrogen,  or  any  other  known  agent  for  controlling  the  

molecular  weight.  The  copolymer iza t ion   of  olefins  may  be  carried  ou t  

by  employing  up  to  30%,  and  preferably  0.3  to  15%,  by  weight  of  one 
olefin  to  the  other.  The  cata lyst   of  this  invention  is  useful  for  e i t h e r  

continuous  or  batch  po lymer iza t ion   under  ordinary  condi t ions.  

The  magnes ium-con ta in ing   solid  of  this  invention  is  composed  of 

uniform  spherical   par t ic les   having  an  average  d iameter   which  is 



general ly   variable  between  10  to  40  microns,  and  having  a  narrow  r a n g e  

of  par t ic le   size  d is t r ibut ion.   The  coeff ic ient   of  variat ion  in  the  p a r t i c l e  

size  d is t r ibut ion   of  the  magnes ium-con ta in ing   solid  of  this  inven t ion ,  

which  is  obtained  by  dividing  the  standard  deviation  of  its  part icle  s i ze  

dis t r ibut ion  by  its  average   par t ic le   d iameter ,   is  not  higher  than  0.3. 

The  m a g n e s i u m - c o n t a i n i n g   solid  of  this  invention  has  a  large  s u r f a c e  

area,  and  the  olefin  po lymer i za t ion   cata lyst   comprising  a  t i t a n i u m  

compound  supported  on  the  solid  has  a  specific  surface  area  of  at  l e a s t  

200  m2/g;  and  a  pore  volume  exceeding  0.3  cc/g.  Thus,  the  m a g n e s i u m -  

conta in ing  solid  of  this  invention  provides  a  ca ta lys t   having  a  high 

degree  of  ac t iv i ty   for  po lymer i za t ion   of  olefins,  and  which  makes  i t  

possible  to  manu fac tu r e   a  polymer  composed  of  uniform  pa r t i c l e s .  

The  invention  will  now  be  described  more  specif ical ly   wi th  

r e fe rence   to  examples  thereof ,   and  applied  examples  in  which  the  

products   of  this  invention  were  used  for  various  p o l y m e r i z a t i o n  

purposes .   In  the  examples ,   and  appl ied   examples,   the  p e r c e n t a g e s  

(%) are   shown  by  weight  unless   o t h e r w i s e  n o t e d .  

The  melt  index  (MI)  of  an  ethylene  polymer  was  de termined   by  

applying  a  load  of  2.16  kg  at  a  t e m p e r a t u r e   of  190°C  in  a c c o r d a n c e  
with  the  provisions  of  ASTM  D1238.  The  flow  ratio  (FR)  was  o b t a i n e d  

by  dividing  the  melt  index  de te rmined   at  a  t e m p e r a t u r e   of  190°C  and  a  
load  of  21.6  kg  (HLMI)  by  the  melt  index  at  190°C  and  2.16  kg  (MI). 

It  provides  a  measure  of  the  molecular   weight  dis t r ibut ion  of  a 

p o l y m e r .  

The  melt  flow  rate  (MFR)  of  a  propylene  polymer  was  d e t e r m i n e d  
in  a cco rdance   with  the  provisions  of  ASTM  D1238. -  The  heptane  insoluble  
(HI)  showing  the  pe r cen t age   of  t h e  c r y s t a l l i n e   por t ion-o f   a  p o l y m e r  

r ep resen t s   the  residue  obta ined  af ter   ext rac t ion  for  six  hours  by  a  
Soxhlet  ex t rac t ion   appara tus   with  boiling  n-heptane.   - 

The  c a t a l y t i c   ac t iv i ty   Kc  is  expressed  by  the  quantity  (g)  of  
polymer  fo rma t ion   per  gram  of  the  catalyst ,   and  Kt  by  the  q u a n t i t y  
(kg)  of  polymer   format ion  per  gram  of  t i tanium  in  the  catalyst .   T h e  

specific  ac t iv i ty   of  the  ca t a lys t   is  expressed  by  the  quant i ty   (g)  of  



polymer  format ion   per  gram  of  the  catalyst ,   hour  of  p o l y m e r i z a t i o n ,  

and  unit  part ial   pressure  (kg/cm2)  of  the  monomers  during  po lymer i za t i on .  

The  bulk  density  was  de t e rmined   in  accordance  with  Method  A  spec i f i ed  

in  ASTM  D1895-69.  The  par t ic le   size  distr ibution  of  the  polymer  was 

de t e rmined   by  a  W.S.  Tyler  s tandard   s ieve.  

The  specific  surface  area   (SA),  pore  volume  (PV)  and  mean  pore  

radius   (MPR)  of  the  magnes ium-con ta in ing   solid  and  the  catalyst   w e r e  

d e t e r m i n e d   by  a  Carlo  Erba's   SORPTOMATIC  1810  apparatus.   The 

par t ic le   size  distr ibution  of  the  cata lyst   was  de te rmined   by  a  Seishin 

Kigyo's  SKN  500  light  t ransmiss ion  type  a p p a r a t u s .  

Example  1 

P r epa ra t i on   of  a  Magnes ium-Conta in ing   Sol id  -   S t a r t i n g   M a t e r i a l  

A  one- l i te r   capaci ty  r eac tor   having  a  reflux  condenser  was  fed,  in 

the  p resence   of  nitrogen  gas,  with  12.8 g  (0.53  mol)  of  chips  of  m e t a l l i c  

magnesium  having  a  purity  of  99.5%  and  an  average  part icle  d i a m e t e r  

of  1.6  mm,  and  250  ml  of  n-hexane,   and  they  were  stirred  at  68°C 

for  one  hour.  Then,  the  metal l ic   magnesium  was  taken  out  of  the 

reac tor ,   and  vacuum  dried  at  680C,  whereby  p reac t iva t ed   me ta l l i c  

magnesium  was  ob ta ined .  

A  suspension  of  the  metal l ic   magnesium  was  prepared  by  adding 

88  ml  (0.53  mol)  of  ethyl  o r t h o f o r m a t e   and  0.2  ml  of  a  promoter  c o m p o s e d  

of  a  methyl  iodide  solution  containing  10%  of  iodine,  and  ma in t a ined  

at  550C.  Then,  5  ml  of  a  solution  containing  80  ml  (0.8  mol)  of  n -bu ty l  

chloride  in  100  ml  of  n-hex.ane  were  dropped  into  the  suspension,  and 

af ter   the  suspension  was  s t i r red  for  50  minutes,  the  remaining  solut ion 

was  dropped  into  the  suspension  over  a  period  of  80  minutes.  The 

react ion  was  c o n t i n u e d  a t  7 0 ° C   f o r  f o u r  h o u r s   under  stirring,  whereby 

a  solid  r eac t ion   product  was  o b t a i n e d .  

The  reac t ion   product  was  washed  six  times  with  300  ml  e a c h  

of  n-hexane  at  50°C,  and  vacuum  dried  at  60°C  for  one  hour,  whereby  

55.6  g  of  a  magnes ium-con ta in ing   solid  in  the  form  of  a  white  powder  

were  obtained.   The  solid  was  found  to  contain  22.5%  of  magnes ium 

and  34.0%  of  chlorine.  It  had  a  specific  surface  area  (SA)  of  230 

m2/g,  a  pore  volume  (PV)  of  0.15  cc/g,  and  a  mean  pore  radius  (MPR) 
o 

of  15  A. 



Prepa ra t i on   of  a  C a t a l y s t  

Titanium  T e t r a c h l o r i d e   T r e a t m e n t  

A  300  ml  capac i ty   r eac tor   having  a  ref lux  condenser   was  f e d ,  

in  the  p r e sence   of  ni trogen  gas,  with  5.5  g  of  the  m a g n e s i u m - c o n t a i n i n g  

solid  p r epa red   as  here inabove   descr ibed,   and  50  ml  of  t i tanium  t e t r a c h l o r i d e .  

After   they  had  been  s t i rred  for  three  hours  at  90°C,  the  excess  t i t a n i u m  

t e t r a c h l o r i d e   was  removed.   Then  a  solid  subs t ance   was  separa ted   by  

f i l t ra t ion   at  90°C,  washed  six  t imes  with  200  ml  each  of  n - h e x a n e  

at  650C,  and  dried  at  50°C  for  one  hour  under  r educed   pressure  t o  

yield  6.9  g  of  a  ca ta lys t   conta ining  6.5%  of  t i t an ium,   and  having  a  

specific  s u r f a c e   area  of  396  m2/g  and  a  pore  volume  of  0.313  c c / g .  

Example  '2 

P r epa ra t i on   of  a  C a t a l y s t  

Benzoic  Anhydr ide   T r e a t m e n t  

8.0  g  of  the  m a g n e s i u m - c o n t a i n i n g   solid  ob ta ined   in  E x a m p l e  

1,  150  ml  of  n-hexane,   and  3.0  g  (13.3  mmol,  or  0.2  mol  per  g r a m  

atom  of  magnes ium  in  the  solid)  of  benzoic  anhydride   were  fed  i n t o  

a  300  ml  c apac i ty   reac tor   having  a  ref lux  condenser   in  a  n i t r o g e n  

gas  a t m o s p h e r e   to  prepare   a  suspension  of  the  solid.  The  s u s p e n s i o n  

was  sub jec ted   to  con tac t   react ion  at  70°C  for  two  hours.  The  r e s u l t i n g  

solid  subs tance   was  separa ted ,   and  washed  three  t imes  with  150  ml  

each  of  n -hexane   at  650C.  

Hydrogen  Chloride  T r e a t m e n t  

A  suspension  of  the  solid  subs tance   was  p r epa red   by  adding  150 

ml  of  n -hexane .   Two  mols  of  anhydrous  hydrogen  c h l o r i d e  p e r   g r a m  
atom  of  magnes ium  in  the  solid  were  blown  into  the  suspension  a t  

0°C  over  a  p e r i o d ' o f - t w o   hours ,  whi le   the  suspension  was  being  s t i r r e d .  

After   the  in t roduc t ion   of  hydrogen  chloride  gas  had  been  d i s c o n t i n u e d ,  

the  suspension  was  s t irred  for  one  hour  at  60°C.  Then,  the  solid  s u b s t a n c e  

was  s e p a r a t e d ,   and  washed  six  times  with  150  ml  each  of  n - h e x a n e  

at  650C.  



Titanium  Te t rach lo r ide   T r e a t m e n t  

The  solid  substance  was  con tac ted   with  120  ml  of  t i t a n i u m  

t e t r a c h l o r i d e   at  120°C  for  two  hours,  and  then,  the  excess  t i t a n i u m  

t e t r a c h l o r i d e   was  removed.  Then,  the  solid  substance  was  separa ted   by 
f i l t ra t ion   at  120°C,  washed  ten  times  with  150  ml  each  of  n-hexane  a t  

65°C,  and  dried  at  50°C  for  one  hour  under  reduced  pressure,  w h e r e b y  

7.7  g  of  a  ca ta lys t   having  a  t i tanium  content   of  4.1%,  a  S.A.  of  359 

m2/g  and  a  P.V.  of  0.33  cc/g.  The  part icle  size  distribution  of  th is  

ca ta lys t   was  as  follows: 

Example  3 

P repa ra t ion   of  a  C a t a l y s t  

Benzoic  Acid  T r e a t m e n t  

9.4  g  of  the  magnes ium-con ta in ing   solid  obtained  in  Example  1, 

130  ml  of  n-hexane,   and  3.3  g  (27.0  mmol,  or  0.33  mol  per  gram  a t o m  

of  magnes ium  in  the  solid)  of  benzoic  acid  were  subjected  to  c o n t a c t  



reaction  at  70°C  for  two  hours  as  descr ibed  in  Example  2.  The  

resulting  solid  subs tance   was  separa ted ,   and  washed  with  n-hexane  a t  

650C. 

Hydrogen  Chlor ide  T r e a t m e n t  

A  suspension  of  the  solid  subs tance   was  prepared  by  adding  150  ml 

of  n-hexane.   Three  mols  of  anhydrous  hydrogen  chloride  gas  per  g r a m  

atom  of  magnes ium  in  the  m a g n e s i u m - c o n t a i n i n g   solid  were  blown  i n t o  

the  suspension  at  -20C  over  a  period  of  three  hours,  while  the  su spens ion  

was  being  s t i r red.   After   the  in t roduc t ion   of  hydrogen  chloride  gas  had  

been  d i s c o n t i n u e d ,   the  suspension  was  s t i r red  for  1.5  hours  at  650C. 

The  solid  subs t ance   was  separa ted ,   and  washed  six  times  with  150  m l  

each  of  n -hexane   at  65°C .  

Titanium  T e t r a c h l o r i d e   T r e a t m e n t  

The  solid  subs tance   was  t rea ted   with  t i tanium  t e t rach lor ide   as  

described  in  Example   14,  whereby  a  ca ta lys t   having  a  t i tanium  c o n t e n t  

of  2.7%,  a  S.A.  of  365  m2/g  and  a  P.V.  of  0.34  c c / g .  

Example  4 

P repa ra t ion   of  a  C a t a l y s t  

Benzoyl  Chloride  T r e a t m e n t  

9.2  g  of  the  m a g n e s i u m - c o n t a i n i n g   solid  obtained  in  Example  1,  

170  ml  of  n -hexane ,   and  3.2  ml  (27.8  mmol,  or  0.33  mol  per  gram  a t o m  

of  magnes ium  in  the  solid)  of  benzoyl  chloride  were  subjected  to  c o n t a c t  

reaction  at  70°C  for  two  hours  as  descr ibed  in  Example  2.  The  r e s u l t i n g  

solid  subs tance   was  separa ted ,   and  washed  with  n-hexane  at  65°C.  

Hydrogen  Chloride  T r e a t m e n t  

A  suspension  o f  t h e  s o l i d   subs tance   was  p r epa red  by   adding  150  ml 

of  n-hexane.   1.5  mols  of  anhydrous  'hydrogen  chloride  gas  per  g r a m  

atom  of  magnes ium  in  the  magnes ium-con t a in ing   solid  were  blown  i n t o  
the  suspension  at  2°C  over  a  period  of  1.5  hours,  while  the  suspension  was 

being  s t i r red .   After   the  in t roduc t ion   of  hydrogen  chloride  gas  had  b e e n  

discont inued,   the  suspension  was  s t i r red  for  one  hour  at  60°C.  T h e  

solid  subs tance   was  sepa ra ted ,   and  washed  six  times  with  150  ml  e a c h  

of  n-hexane  at  6 5 ° C .  



Titanium  T e t r a c h l o r i d e   T r e a t m e n t  

The  solid  substance  was  t rea ted   with  t i tanium  te t rachlor ide  as  

described  in  Example  2,  whereby  a  ca ta lys t   having  a  titanium  c o n t e n t  

of  2.1%,  a  S.A.  of  349  m2/g  and  a  P.V.  of  0.35  cc/g. was  o b t a i n e d .  

Applied  Example  5 

Polymer iza t ion   of  P r o p y l e n e  

A  one- l i ter   capaci ty   stainless  steel  (SUS  32)  autoclave  equ ipped  

with  a  s t i r rer   was  fed  with  a  mixture  of  71.8  mg  of  the  c a t a l y s t  

obtained  in  Example  2,  11.0  ml  of  a  n-heptane  solution  containing  160 

gram  atoms  of  aluminum  per  gram  atom  of  t i tanium  in  the  c a t a l y s t ,  

and  0.46  ml  of  ethyl  p -me thoxybenzoa t e ,   or  0.29  mol  thereof  per  g r a m  

atom  of  aluminum  in  t r i e thy la luminum,   after   the  mixture  had  been  l e f t  

at  rest  for  five  minutes.   After  0.6  liter  of  hydrogen  gas  and  0.8  l i t e r  

of  liquified  propylene  were  injected,  the  t e m p e r a t u r e   of  the  r e a c t i o n  

system  was  raised  to  680C,  and  po lymer iza t ion   of  propylene  was  

conducted  for  30  minutes,   while  the  hydrogen  gas  served  as  a  m o l e c u l a r  

weight  controll ing  agent.  After  the  po lymer iza t ion   had  been  c o m p l e t e d ,  

the  unreacted  propylene  was  removed,  and  there  were  obtained  327  g  
of  a  white,  s e m i t r a n s p a r e n t   polypropylene  powder -hav ing   a  h e p t a n e  

insoluble  content   (HI)  of  94.0,  a  melt  flow  rate  (MFR)  of  4.7  and  a  

bulk  density  of  0.51  g/cm3.  The  Kc  value  of  the  cata lyst   was  4,500,  and 

its  Kt  value  was  111.  The  particle  size  d is t r ibut ion  of  the  po lyp ropy lene  

thus  obtained  was  as  fo l lows:  



Applied  Examples   6  a n d  7  

Po lymer i za t i on   of  P r o p y l e n e  

The  p r o c e d u r e s   of  Applied  Example  5  we re .  r epea t ed   for  p o l y m e r i z a t i o n  

of  propylene,   except   that  the  catalysts   obtained  in  Examples  3  and  4 

were  employed .   The  results   for  Example  6  obtained  164  g  of  a  w h i t e ,  

t r anspa ren t   po lypropylene   powder  having  a  heptane  insoluble  content   (HI) 

of  93.8%,  a  melt  flow  rate  (MFR)  of  3.2  g/10  min.,  a  bulk  density  o f  

0.49  g/cm3,   a  Kc  of  2700  and  Kt  of  100.  The  results  for  Example  7 

obtained  261  g  of  a  white,  semi t ransparen t   polypropylene  powder  

having  a  HI  of  95.7%,  a  MFR  of  5.2  g/10  min.,  a  bulk  density  of  0 .49 

g/cm3,  a  Kc  of  3080  and  a  Kt  of  147. 

Applied  Example   8 

Po lymer i za t ion   of  P r o p y l e n e  

The  p r o c e d u r e s   of  Applied  Example  5  were  repeated   for  p o l y m e r i z a t i o n  

of  propylene,   excep t   for  the  use  of  153  mg  of  the  cata lyst   obtained  in 

Example  1,  and  t r i e thy la luminum  in  the  quanti ty  containing  60  g r a m  
atoms  of  a luminum  per  gram  atom  of  t i tanium  in  the  catalyst .   The  

results  obta ined  a  Kc  of  530,  a  Kt  of  7,  a  HI  of  80.2%  and  a  bulk 

density  of  0.25  g / c m 3 .  



1.  A  m a g n e s i u m - c o n t a i n i n g   so l id   c h a r a c t e r i z e d   by  c o n t a c t i n g  

(1)  the  r e a c t i o n   p roduc t   o f :  

(a)  m e t a l l i c   magnesium,  

(b)  a  h a l o g e n t a t e d   hydrocarbon  of  the  genera l   formula  RX 

in  which  R  s t ands   fo r   an  a l k y l ,   aryl   or  c y l o a l k y l   group  having  from  1 

to  20  carbon  atoms,  and  X  s t ands   for   a  halogen  atoms  and  

(c)  an  alkoxy  compound  of  the  genera l   formula  -X'mCLOR')4-m 
in  which  X'  s t ands   for   a  hydrogen  or  halogen  atom,  or  an  o p t i o n a l l y  

s u b s t i t u t e d   a l k y l ,   a ry l   or  c y c l o a l k y l   group  having  from  t o   10  c a r b o n  

atoms,  R'  s t ands   fo r   an  a l k y l ,   aryl   or  c y c l o a l k y l   group  having  from  1 

to  20  carbon  atoms,  and  m  is  0,  1  or  2; 

with  (2)  an  e l e c t r o n   dona t ive   compound  and  hydrogen  h a l i d e .  

2.  A  m a g n e s i u m - c o n t a i n i n g   so l i d   accord ing   to  claim  1, 

in  which  R  is  an  a lky l   or  c y c l o a l k y l   group  having  1  to  8  carbon  a toms ,  

m  is  1,  R'  is  an  a lky l   group  having  1  to  8  carbon  atoms  and  the  e l e c t r o n  

dona t ive   compound  is  a  c a r b o x y l i c   acid  or  d e r i v a t i v e   t h e r e o f ,   a l c o h o l ,  

e the r ,   ke tone ,   amine,  amide,  n i t r i l e ,   a ldehyde,   a l c o h o l a t e ,   o rgano  

compound  of  phosphorous ,   a r s e n i c   or  antimony,  phosphamide, .   t h i o e t h e r ,  

t h i o e s t e r ,   or  c a r b o n i c   acid  e s t e r .  

3.  A  m a g n e s i u m - c o n t a i n i n g   so l i d   accord ing   to  claim  2 ,  

in  which  the  h a l o g e n a t e d   hydrocarbon  is  n -bu ty l   c h l o r i d e ,   the  a l k o x y  

compound  is  e thy l   o r t h o f o r m a t e   or  methyl  o r t h o f o r m a t e   and  the  e l e c t r o n  

dona t ive   compound  is  a  s a t u r a t e d   or  u n s a t u r a t e d   a l i p h a t i c ,   a l i c y c l i c  

or  a roma t i c   c a r b o x y l i c   acid  having  1  to  15  carbon  atoms  or  a  d e r i v a t i v e  

t h e r e o f .  

4.  A  m a g n e s i u m - c o n t a i n i n g   so l id   accord ing   to  claim  3 ,  

in  which  the  e l e c t r o n   dona t ive   compound  is  benzoic  ac id ,   p - t o l u i c   a c i d  

or  p -me thoxybenzo i c   acid  or  an  acid  anhydr ide ,   acid  ha l ide   or  e s t e r  

t h e r e o f .  



5.  A  c a t a l y s t   component  for   p o l y m e r i z a t i o n   of  o l e f i n s   com- 

p r i s i n g   a  t i t a n i u m   compound  s u p p o r t e d   on  a  m a g n e s i u m - c o n t a i n i n g   s o l i d  

c h a r a c t e r i z e d   in  t ha t   the  m a g n e s i u m - c o n t a i n i n g   s o l i d   is  as  claimed  i n  

any  of  claims  1  -  4 .  

6.  A  c a t a l y s t   component  a c c o r d i n g   to  claim  5  in  wh ich  

the  t i t a n i u m   compound  is  a  t r i v a l e n t   or  t e t r a v a l e n t   t i t a n i u m   compound 

s e l e c t e d   from  t i t a n i u m   h a l i d e s ,   alkoxy  t i t a n i u m   compounds  and  a l k o x y  

t i t a n i u m   h a l i d e s .  

7.  A  c a t a l y s t . c o m p o n e n t   a c c o r d i n g  t o   claim  6  in  which  

the  t i t a n i u m   compound  is  t i t a n i u m   t e t r a c h l o r i d e ,   t i t a n i u m   t e t r a b r o m i d e ,  

t r i c h l o r o e t h o x y t i t a n i u m ,   t r i c h l o r o b u t o x y t i t a n i u m ,   d i c h l o r o d i e t h o x y -  

t i t a n i u m ,   d i c h l o r o d i p h e n o x y t i t a n i u m ,   c h l o r o t r i e t h o x y t i t a n i u m ,  

c h l o r o t r i b u t o x y t i t a n i u m ,   t e t r a b u t o x y t i t a n i u m ,   o r  t i t a n i u m   t r i c h l o r i d e .  

8.  A  c a t a l y s t   component  a c c o r d i n g   to  claim  7  in  which  

the  t i t a n i u m   compound  is  t i t a n i u m   t e t r a c h l o r i d e ,   t r i c h l o r o e t h o x y t i t a n i u m ,  

d i c h l o r o d i b u t o x y t i t a n i u m ,   d i c h l o r o d i p h e n o x y t i t a n i u m .  

9.  A  c a t a l y s t   system  fo r   the  p o l y m e r i z a t i o n   of  o l e f i n s  

compr i s ing   an  organoaluminum  compound  r e p r e s e n t e d   by  the  genera l   f o r m -  

ula  R"n A1X"3-n  w h e r e i n  R "  s t a n d s   f o r   an  a l k y l   o r  a r y l  g r o u p   having  1 

to  18  carbon  atoms,  X"  s t ands   fo r   halogen  or  hydrogen  atom and  n  is  a 

number  from  1  to  3  and  a  c a t a l y s t   component  accord ing   to  any'  o f  

claims  5 - 8 .  

10.  A  p roces s   fo r   the  p o l y m e r i z a t i o n   of  o l e f i n s   in  which  

an  o l e f i n   is  po lymer i zed   in  the  p resence   of  a  c a t a l y s t   system  a c c o r d i n g  

to  claim  9 .  




	bibliography
	description
	claims
	search report

